Background: IL-10 family cytokines are associated with the host immune response to pulmonary tuberculosis (PTB), but their association with host response in tuberculous lymphadenitis (TBL) is not known. Methods: Hence, we examined the circulating levels of the whole panel of IL-10 family cytokines in TBL (n = 44) and compared them to the levels in PTB (n = 44) and healthy control (HC, n = 44) individuals. We also assessed the pre and post-treatment cytokine levels in TBL individuals following the completion of anti-tuberculosis treatment (ATT). Next, we also compared the levels of IL-10 family cytokine in circulation versus lymph node (LN) culture supernatants in a subset of TBL individuals (n = 22). Finally, we also measured the levels of IL-10 family cytokines in tuberculosis antigen (purified protein derivative, PPD) stimulated and unstimulated LN culture supernatants. Conclusions: Therefore, we demonstrate that TBL is associated with significantly diminished plasma and elevated LN culture supernatant levels of most of the IL-10 family cytokines. This to our knowledge is the first comprehensive examination of IL-10 family cytokines in TBL.
Introduction
The interleukin-10 (IL-10) or class II family of cytokines includes IL-10, IL-19, IL-20, IL-22, IL-24, IL-26, IL-28A, IL-28B and IL-29 which are named after the combination of three different subgroup of cytokines. IL-10 which targets leukocytes comes under the first group, whereas the IL-20 subfamily (IL-19, IL-20, IL-22 and IL-24) cytokines belongs to the second group. Type III interferon (IFN) group or distantly related cytokine members like IL-28A, IL-28B and IL-29 fall in the final or third group [1] [2] [3] [4] . IL-10 binds to both IL-10R1 and IL-10R2 which are closely linked to IL-20 sub family cytokine (except IL-22) [1] . IL-19, IL-20 and IL-24 signal mainly via diverse heterodimer receptors (IL-20RB), whereas IL-22 signals via IL-10RB [2, 4] . Broadly, these cytokines elicit numerous functions like regulation of inflammation, protection against tissue damage, tissue remodeling, homeostasis and wound healing. IL-19, IL-20 and IL-24 are predominantly produced by epithelial, myeloid and immune cells, whereas IL-22 and IL-24/ melanoma differentiationassociated gene 7 (MDA-7) are produced by T cells. IL-22 is also produced by γδ T cells, activated natural killer (NK), innate lymphoid cells and involved in diverse immune responses.
Further IL-19 is also expressed by monocytes and B cells (to some extent) and lipopolysaccharide (LPS) and granulocyte macrophage colony-stimulating factor (GM-CSF) are capable of inducing IL-19 production [2, 3, [5] [6] [7] . IL-24 is known to act using autocrine and paracrine actions and mediates the activation of Th1 cytokines [8] . mechanisms to fight against bacterial, fungal and viral infections [6, 9, 10] . The IL-20 sub-family cytokines also possess pro-inflammatory properties through the involvement of cytokine and chemokine production, barrier strengthening in epithelial cells and sustaining mucosal homeostasis [6, [11] [12] [13] . IL-28A (IFN-λ2), IL-28B (IFN-λ3) and IL-29 (IFN-λ1) cytokines are similar to the class I IFNs produced by leukocytes, hepatocytes and epithelial cells upon stimulation with toll like receptor (TLR) ligands. These IFNs signals through the receptors which share a common motif on the extracellular space and consist of class II cytokine receptor family (CRF2). Apart from their antiviral and antitumor potential, the role of type III IFNs is not well described [14] [15] [16] .
Extra-pulmonary tuberculosis (EPTB) comprises about 15% of TB cases worldwide. Tuberculous lymphadenitis (TBL) or lymph node tuberculosis (LN-TB) is the most frequent form of EPTB and accounts for 30-40% cases with higher ratio in females [17] . Due to challenges in diagnosis, TBL is associated with poor treatment outcome and increased disease rate [18] . In the context of PTB, IL-24 was shown to be present at significantly lower levels in serum in comparison to healthy controls [19] . Similarly, IL-19, IL-20 and IL-24 have also been shown to be present at significantly lower concentrations in PTB compared to latent TB infection (LTB), with IL-22 serving as the sole exception [20, 21] . The role of Type III IFNs in TB is not known. However, previous report shows that both IL-28A and IL-28B cytokines are capable of inhibiting ovalbumin induced allergic airway diseases [22] .
Hence, the role of the IL-10 family cytokines in TBL is not elucidated. Thus, we wanted to examine and analyze the whole panel of IL-10 family cytokines in TBL (plasma and LN) and compare them with PTB and HC. We demonstrate that TBL is associated with diminished plasma and elevated LN supernatant levels of most of the IL-10 family cytokines.
Materials and methods

Study population
The study subjects consist of 44 individuals with TBL in one group, 44 PTB individuals in second group and 44 individual healthy controls (HC) in the final group (Table 1) . Similarly, in a subset of TBL individuals (n = 22,) LN culture supernatants were also used in this study. The LN supernatants were obtained as described earlier [23] . TBL individuals were selected based on positivity for fine needle aspiration cytology and culture or histology confirming tuberculosis from lymph node biopsy samples. None of the TBL individuals had PTB, as demonstrated by absence of pulmonary symptoms and normal chest Xray. Similarly, PTB subjects were diagnosed based on the positivity in clinical symptoms, chest X-ray and sputum microscopy (acid-fast bacilli [AFB]) as well as positivity for Mycobacterium tuberculosis (Mtb) in culture on Lowenstein-Jensen (LJ) medium. Over all, two sputum samples per patient were collected and examined by fluorescence microscopy. Healthy controls had no symptoms of any disease and had normal chest X-rays. All individuals were negative for HIV and did not undergo any steroid treatment during the period of sample collection. The demographics of the study populations is shown in Table 1 . The TBL group were administered anti-TB treatment (ATT) for 6 months and once again the blood sample was collected at the end of treatment. Treatment resulted in cure of TBL, characterized by either complete or significant resolution of lymph node enlargement. Informed written consent form was obtained from all the study patients and the ethical approval (NIRTIEC2010007) was obtained from the Institutional Ethics Committee of the National Institute of Research in Tuberculosis (NIRT).
Lymph node cultures
The LN were harvested in RPMI medium and processed immediately. The LN was washed twice and chopped into smaller pieces in plain RPMI. The chopped LN was then treated with Liberase (0.1 mg/ ml), DNASE (0.1 mg/ml) enzyme (Roche diagnostics) and incubated for 20-30 mins. After incubation, the cells were washed with RPMI and centrifuged at 2600 rpm for 10 min. The supernatant was discarded and the cells were further used for stimulation. The cultures were stimulated with the following conditions: -unstimulated (UNS) and PPD and incubated at 37°C in 5% CO 2 for 18 h. After 18 h, the cells were transferred to sterile 50 ml falcon tubes and centrifugation was done. The culture supernatants were transferred to 2 ml screw cap tubes and stored at −80°C.
Plasma and lymph node (LN) supernatants ELISA
The levels of different IL-10 family cytokines in plasma and lymph node (LN) culture supernatants were measured using ELISA and the experiment was performed according to the manufacturer's protocol instructions. The IL-10 family cytokines analyzed were IL-10, IL-19, IL-20, IL-22, IL-24, IL-26, IL-28A, IL-28B and IL-29. All the kits were purchased from R&D Systems (DuoSet) except IL-26 which was purchased from my BioSource. The threshold detection was given as follows: IL-10 −31.25 pg/ml, IL-19 −31.2 pg/ml; IL-20 −1.2 pg/ml; IL-22 −31.25 pg/ml, IL-24 −6.5 pg/ml, IL-26 −31.25 pg/ml, IL-28A −125 pg/ml, IL-28B −12.5 pg/ml and IL-29 −12.5 pg/ml.
Statistical analysis
GraphPad PRISM version 7 (GraphPad Software Inc., San Diego, CA) was used to analyze the data. Geometric means were used as the measure of central tendency. Kruskal-Wallis with Dunn multiple comparisons were used to analyze the significance between three different groups of individuals. Similarly, non-parametric Mann-Whitney U test were used to analyze the significance between the TBL plasma and LN supernatants. Finally, pre-and post-treatment and the LN supernatants cytokine levels were analyzed using Wilcoxon signed rank test. All the graphs were shown in log scale and the statistically significant values were shown as * P < 0.05, ** P < 0.01, *** P < 0.001 and **** P < 0.0001.
Results
TBL is characterized by decreased circulating levels of IL-10, IL-19, IL-24 and IL-29 cytokines
We measured the circulating levels of IL-10 family cytokines, IL-10, IL-19, IL-20, IL-22, IL-24, IL-26, IL-28A, IL-28B and IL-29 in three different (TBL, PTB and HC) groups of individuals. As shown in Fig. 1 , IL-10 (geometric mean (GM) of 50.97 pg/ml in TBL compared to 51.3 pg/ ml in PTB and 99.69 pg/ml in HC), IL-19 (GM of 73.93 pg/ml in TBL compared to 184.1 pg/ml in PTB and 242.1 pg/ml in HC), IL-24 (GM of 35.54 pg/ml in TBL compared to 372.2 pg/ml in PTB and 326.3 pg/ml in HC) and IL-29 (GM of 66.84 pg/ml in TBL compared to 172.9 pg/ml in PTB and 98.41 pg/ml in HC) levels were significantly diminished in TBL when compared to both PTB (except for IL-10) and HC. Similarly, IL-20 (GM of 88.46 pg/ml in TBL compared to 276 pg/ml in PTB and 72.67 pg/ml in HC) and IL-28B (GM of 27.24 pg/ml in TBL compared to 122.3 pg/ml in PTB and 36.69 pg/ml in HC) levels were significantly reduced in TBL compared to PTB but not with HC. In contrast, IL-22 (GM of 414.8 pg/ml in TBL compared to 156.5 pg/ml in PTB and 417.0 pg/ml in HC) levels were significantly elevated in TBL when compared to PTB and no difference with HC. Finally, no significance was observed for IL-26 (GM of 732.3 pg/ml in TBL compared to 560.8 pg/ml in PTB and 485.4 pg/ml in HC) and IL-28A (GM of 884.3 pg/ml in TBL compared to 858.8 pg/ml in PTB and 915.4 pg/ml in HC) cytokine levels among the different groups analyzed. Hence, we demonstrate that TBL is associated with diminished circulating plasma levels of most IL-10 family cytokines.
Effect of ATT on the circulating levels of IL-10 family cytokines in TBL
To assess the effect of ATT (pre-T versus post-T) on the circulating levels of IL-10 family cytokines (IL-10, IL-19, IL-20, IL-22, IL-24, IL-26, IL-28A, IL-28B and IL-29) in TBL, we measured these systemic cytokine levels at pre-and post-treatment time points. Among the IL-10 family cytokines analyzed (Fig. 2) , IL-10 (GM of 50.97 pg/ml in pre-T versus 81.53 pg/ml in post-T), IL-19 (GM of 73.93 pre-T pg/ml versus 127.2 pg/ml in post-T), IL-20 (GM of 88.46 pre-T pg/ml versus 176.0 pg/ml in post-T), IL-24 (GM of 35.54 pg/ml pre-T versus 69.37 pg/ml in post-T), IL-28B (GM of 27.24 pg/ml in pre-T versus 46.73 pg/ml in post-T), and IL-29 (GM of 66.84 pg/ml in pre-T versus 96.74 pg/ml in post-T) plasma levels were significantly elevated after the treatment with TBL individuals. In contrast, IL-26 (GM of 732.3 pg/ ml in pre-T versus 465.4 pg/ml in post-T) levels were significantly diminished in post-T when compared to pre-T, whereas IL-22 (GM of 414.8 pg/ml in pre-T versus 448.8 pg/ml in post-T) and IL-28A (GM of 884.3 pre-T pg/ml versus 825.2 pg/ml in post-T) did not exhibit any significant alterations following ATT. Thus, we demonstrate that TBL is associated with increased IL-10 family circulating plasma levels after anti-TB treatment. 
Elevated lymph node levels of IL-10 family cytokines in TBL individuals
We measured the levels of IL-10 family cytokines in LN of a subset of TBL individuals and compared them to plasma levels in the same individuals (Fig. 3) . As shown, IL-10 (GM of 50.97 pg/ml in plasma compared to 72.91 pg/ml in LN), IL-19 (GM of 73.93 pg/ml in plasma compared to 276.8 pg/ml in LN), IL-20 (GM of 88.46 pg/ml in plasma compared to 324.5 pg/ml in LN), IL-24 (GM of 35.54 pg/ml in plasma compared to 1055.0 pg/ml in LN), IL-28B (GM of 27.24 pg/ml in plasma compared to 57.79 pg/ml in LN) and IL-29 (GM of 66.84 pg/ml in plasma compared to 110.8 pg/ml in LN)) levels in LN was elevated in comparison to circulating plasma. In contrast, IL-22 (GM of 414.8 pg/ ml in plasma compared to 33.45 pg/ml in LN) levels were significantly lower in LN compared to plasma. However, there were no significant differences between the plasma and LN levels for IL-26 (GM of 732.3 pg/ml in plasma compared to 790.8 pg/ml in LN) and IL-28A GM of 884.3 pg/ml in plasma compared to 818.2 pg/ml in LN) cytokines. Therefore, we demonstrate that TBL LN are associated with significantly increased levels of IL-10 family cytokines.
TBL individuals associated with elevated mycobacterial (PPD) antigen stimulated LN supernatants of IL-10 family cytokines
We characterized the TB antigen-stimulated levels of IL-10 family cytokines at the site of infection in TBL individuals. We measured unstimulated (UNS) and PPD-stimulated levels of IL-10 family (IL-10, IL-19, IL-20, IL-22, IL-24, IL-26, IL-28A, IL-28B and IL-29) cytokines in LN supernatants (Fig. 4) . In TBL, IL-10, IL-19, IL-20, IL-24, IL-28B and IL-29 cytokines were significantly increased in PPD stimulated LN supernatants when compared to the UNS supernatants. However, IL-22, IL-26 and IL-28A cytokines did not exhibit any significant difference between the UNS and PPD stimulated LN culture supernatants. Thus, herein we demonstrate that TBL is associated with increased IL-10 family cytokines in LN stimulated supernatants.
Discussion
The immunological or host defense function of IL-10 family cytokines (IL-10, IL-19, IL-20, IL-22, IL-24, IL-26, IL-28A, IL-28B and IL-29) in TBL has not been studied so far. However, IL-19, IL-20, IL-22 and IL-24, belonging to the IL-20 sub family cytokines, had been documented to contribute to the cytokine regulation in T cell mediated diseases [24] , whereas the general role of type III IFNs is to mediate the antiviral response [15] . Similarly, the function of IL-10 with respect to inflammation has been demonstrated in different infection models [25] . Increased IL-19, IL-20 and IL-24 cytokine expression was observed in psoriasis and blockade of IL-20R signal revealed their harmful effects to the host during Staphyloccus aureus infection through inhibition of IL-1β and IL-17A [26] [27] [28] . IL-19 expression also has been reported to be increased in asthma [29, 30] , breast cancer [31] and other disease conditions [32] . In addition, IL-24 plays a vital role in host defense against Salmonella typhimurium infection [33] . Likewise, IL-22, the most studied cytokine in IL-20 family has a pronounced effect in mucosal immunity against pathogens like Clostridium difficile, Toxoplasma gondii and Citrobacter rodentium [34] [35] [36] . Thus, these cytokines are thought to play either protective or harmful role in infectious disease, that are determined by the nature of infection that occurs in the respective host.
Based on this view, we expand our research to understand the role of IL-10 family cytokines in TBL individuals. Our analysis revealed an interesting observation, most of the IL-10 family cytokines such as IL-10, IL-19, IL-20, IL-24, IL-28B and IL-29 were significantly reduced in TBL circulating plasma when compared to pulmonary TB and/or HC. This observation is in concordance with mRNA transcript levels of TB Immune reconstitution inflammatory syndrome (IRIS) patients, where they observed diminished IL-19 and IL-24 levels [37] . The significantly lower plasma levels of IL-10, IL-19, IL-20, IL-24, IL-28B and IL-29 in our study might reflect the anti-inflammatory nature of these cytokines since TBL being a paucibacillary form of TB, might not induce pronounced pro-inflammatory effects which is essential for the control of HC [19] . It was also shown that exogenous IL-24 can able to activate CD8 + T cells which essentially produce IFNγ which counteract against TB infection. In terms of TBL disease, the diminished levels of IL-10 family cytokines might have some major implications. IL-24 is produced by monocytes, T cells and plays an important role in host defense [38] . Also, we have previously reported that reduced IL-1β in plasma and quantiferon supernatants in TBL in comparison to LTB [39] . Since IL-1β is one of the important monocyte markers, diminished levels might result in impaired activation of effective innate immunity which are again crucial for controlling the TB infection. Further IL-10 family cytokines can stimulate the immune system in order to express the secondary cytokines like TNFα, IFNγ and IL-1, which are again crucial in controlling the infection [40] . Similarly, PBMC cells treated with IL-24 results in expression of different cytokines such as IL-6, TNF-α, IL-12, IFNγ, IL-1β and GM-CSF. Overall the diminished IL-24 plasma levels in our study indicates the non-protective nature against the TBL disease perhaps by suppressing the production of important immune mediated cytokine responses [41] . Along with IL-24, IL-19 can also modulate (increase or decrease) T cell function. Therefore, reduced IL-19 levels in our study determines that this cytokine possibly may not be able to induce the protective T cell immune cytokine responses against TBL infection.
Our study also reveals an important association of IL-22 with TBL, wherein we report elevated levels of IL-22 plasma and decreased antigen stimulated LN supernatants in TBL. This confirms our previous data on plasma levels of IL-22 in TBL individuals [39] . IL-22 is thought to play an important role in innate pathogen defense, T-lymphocyte disease and acute phase responses. Further the cytokine had also shown increased expression in skin, digestive and respiratory system [42, 43] . Elevated IL-22 levels were observed in the stimulated PBMC cultures with M. tuberculosis antigens in tuberculosis-IRIS patients compared to the individuals not having the IRIS disease [37] and with PTB-DM (diabetes mellitus) individuals [20] . Thus, our data also reveal an important association of IL-22 with the immune response in TBL. Further reduced IL-26 protein levels were reported in TB infections, whereas our study reveals no differences in plasma and LN (PPD stimulation) supernatants. Similarly, reduced IL-28B and IL-29 cytokine in plasma and increased LN supernatants again reiterates the poor control of TBL infection, and the mechanism needs to be elucidated. Similarly, most of the IL-10 family (IL-10, IL-19, IL-20, IL-24, IL-28B and IL-29) cytokines were elevated after ATT with IL-26 being the sole exception, which reiterates that the alteration in IL-10 family cytokine levels were driven by the bacterial burdens and lymph node pathology, both of which decrease after ATT. It was reported earlier that treatment with rAd-mIL-28B significantly diminished the frequency of regulatory T cells (Tregs) after 4 weeks of immunization but did not boost the Th1 type immune responses [44] . In contrast, elevated type III IFNs are observed in chronic hepatitis C virus (HCV) infection with enhanced Treg population [45] . Our study data reveal an important association of Type III IFN, especially IL-28B and IL-29 with TBL disease. Finally, our PPD stimulation data provide a mechanistic explanation for the differential cytokine levels in LN versus plasma of TBL. LN cells are capable of upregulating IL-10 family cytokine stimulation upon TB antigen stimulation and hence, have higher levels of these cytokines in the milieu of ongoing infection. It would be interesting to examine, in future experiments, the TB antigen driven response in a non-infected LN.
Thus, our data clearly provides evidence about the regulation of IL-10 family cytokines (IL-10, IL-19, IL-20, IL-24, IL-28B and IL-29), which might possibly be involved in the immune modulation of TBL infection. It is thus important to examine the association of these cytokines in TBL by studying their specific immune mediated pathways and their functional roles. Overall, we have shown an important association of the IL-10 cytokine family in the host immune response in TBL disease.
